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• • .. We find that the mean displacements parallel to the Ag (100) and Ag (110) surfaces are just as large as the. mean displacements of surface atoms perpendicular to the surface. . In addition, there was no detectable difference between the magnitude of the two parallel components of the surface mean displacement in the (110) face of silver. These results and.
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those found on the other metals studied indicate that the force constants for surface atoms of most face centered cubic metals are isotropic and smaller than the force constants for bulk atoms.
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II. EXPERIMENTAL The low energy electron diffraction system of the post-acceleration ·10 type was used in these studies..
The single crystals .of highest available purity were x-ray oriented, cut, polished, and etched. ll The silver samples (9.5 mm diam~ 1-2 mm· thick disks) were mounted on a silver coated copper block which is part of the low temperature holder shown in Fig. 1 .
The sample can be cooled to liquid nitrogen temperature or heated to . 600°C through the copper block. The holder allows one to rotate the sample 360° which is necessary for ion bombardment and for the purposes . of other, auxiliary measurements. 11 A thermocouple has been attached to· the copper block to determine the temperature of the specimen. The ambient pressure was in the range of 10-10 -10-9 torr for all of the measurements.
Diffraction patterns on the carefully prepared silver crystals werefrequently observe·d· immediately after pump-down and bake-out of the diffraction chamber. Ion bombardment (2X10-5 torr argon,. 300 eV) and subsequent annealing heat treatments were used, hovlever, to obtain a more ordered surface structure with sharper diffraction features. In the preliminary experiments with the Ag (110) surface it was found that the sample undergoes faceting in vacuum or in oxygen above 300°Co ll This appeared to be an irreversible process which affected the Debye-Waller measurements markedly as will be discussed later. Therefore, in order to avoid such faceting the (110) crystal face ,~as never annealed above 80°C and the intensity measurements were carried out in· the temperature range ';'195 0 + 85°C.
The Ag(lOO) surface appeared to be stable even at elevated temperatures • ...
All of the measurements of the temperature dependence of the diffrac-. 6
ted electron beam intensities were carried out by the transient method •
The silver crystal waschilied to -195°0 using liquid nitrogen and the intensity of a chosen reflection (00,01, etc.) has been monitored continuously at a given electron beam energy using a small angle -spot- 12 photometer, while the crystal was cooling to liquid nitrogen temperature. We have measured the effective'mean displacement which is perpeneff ' dicular to the s~rface plane (ul ) from the temperature dependence of the intensity of the specularly reflected electron beam (OO-reflection).
For these specularly reflected electrons the scattering vector, (it -ito)' is perpendicular to the surface Plane.
6 Therefore,' the data yield only the vertical component of the effective displacement. The angle of incidence, ¢; was in the range of 6°_20° with respect to the surface normal for the measurements of the properties of the (OO)-reflection.
We found that the measured Debye-Waller factor, using the (00)-reflect1on, was not independent of the angle of incidence within the accuracy of our measurements (10%) as previously discussed by Jones et a1. Finally, it should also be mentioned that the reproducibility -of the low temperature measurements of this study was considerably better than those previous investigations which were carried out at high, temp'era'tures.
6 -9 It th t h ti t tm t hi h ld i appears a ea ng rea en s w c cou g ve .
rise to diffusion controlled surface rearrangements (growth of ordered domains, changes in step density) are mostly responsible for the un-, certainty observed in high temperature Debye-Waller factor measurements.
-. 
where a is the scattering angle at which the particular reflection appears with respect to the surface normal. Thus, , ' e f f using the value, 81 ' calculated from studies of the (OO)-reflection, and the sum of the two com- •
We have found, as in the case of other face-centered cubic crystals, that the measured values of the effective Debye temperatures were strongly dependent on the electron beam energy. It is apparent that at increasing electron energies a larger fraction of electron scatter from atomic planes below the surface plane. There£ore, in order to compute effective Debye temperature which are characteristic of surface atoms the lhklovs. T curves obtained at the lowest beam voltages (~80 eV) were used. At such low energies for silver surfaces the largest fraction of the incident electrons back scatter from the surface atoms without penetrating deeper into the bulk.
We have also found that in the temperature range of our study (-195° These values were obtained from the log (I-I o ) vs. T curves using Eqs. The I vs. T curves were measured for several reflections other than the specular reflection in order to obtain the parallel components of the mean displacement. In Table I we plot the different reflections, scattering,' angles and electron beam energies which were used. It was found that ,the' eff' introduce large errors in the computed value of (ulI' ). Therefore, instead of reporting the parallel mean displacement for the (100) surface we give, ' in Table I, (02) reflections were equal to the slopes which were obtained using the specular (00) reflection. Thus, it appears, that just as in the case of the (100) and (111) (110) orientation can only be studied reproducibly by low temperature measurements which were carried out in this investigation. In the same figure   ' we also plot the perpendicular component of the effective Debye temperature , ' .
• f...)
-13-UCRL-18533 There.fore, we have analyzed our data using Eqs. (1) through (3) as carried out in previous high temperature experiments. In eff I every case, the experimentally determined ratio {ul ) (u)bulk· is larger than predicted by the theory.5 ,It should be noted that the tabulated values are only lower limits to the true effective Debye temperature, for .
,they were computed from measurements at a finite, instead of zero electron' energy. Thus, they may contain contributions from atomic planes which lie . below the surface plane~ In their calculat ions, "Tallis et a10 have assumed interatomic coupling constants (force con~tants) for surface atoms which are the same as that for bulk atoms. They have indicated, however, that this assumption is most likely incorrect; in fact, by assUming a force . constant for surface atoms which is one-half of that of the bulk, they have 'The calculated mean displacement values were also insensitive to the inclusion of next-neare'st"neighbor interactions and angle-bending forces in the computations.' It is also unlikely that .
• multiple scattering effects in low energy electron diffraction l3 could be responsible for the observed larger mean displacements although they temperatures.
The Debye-Waller experiments on nickel surfaces were carried out in the temperature ran ge of 100 ° to 600 °c. 4 Finally, 4) the accuracy of our experiment may be inadequate to detect small differences in the parallel mean displacements of surface atoms in silver.
The lack of any marked dependence of the parallel mean displacements on the scattering angle indicates that the anisotropy effects may not be masked on account of the angular range used in the experiments.
The parallel and perpendicular components .of the mean displacements . 8
were also equal for the Ag(lOO) and Ag(lll) orientations. This result could indicate that the force constants for surface atoms are isotropic for all crystal orientations.
It is interesting to note that the bulk mean displacement is approached with increasing election energy more rapidly for the (100) face of silver than for the (110) . Fig. 2 .. . , ...
( eV )
. 
